The oligomeric structure of vaccinia viral envelope protein A27L is essential for binding to heparin and heparan sulfates on cell surfaces: a structural and functional approach using site-specific mutagenesis.
The soluble domain of the self-assembly vaccinia virus envelope protein A27L, sA27L-aa, consists of a flexible extended coil at the N terminus and a rigid hydrophobic coiled-coil region at the C terminus. In the former, a basic strip of 12 residues is responsible for binding to cell-surface heparan sulfates. Although the latter is believed to mediate self-assembly, its biological role is unclear. However, an in vitro bioassay showed that peptides comprising the 12 residue basic region alone failed to interact with heparin, suggesting that the C-terminal coiled-coil region might serve an indispensable role in biological function. To explore this structural and functional relationship, we performed site-specific mutagenesis in an attempt to specifically disrupt the hydrophobic core of the coiled coil. Three single mutants, L47A, L51A, and L54A, and one triple mutant, L47,51,54A, were expressed and purified from Escherichia coli. The physical properties of the mutants were carefully examined by gel-filtration chromatography, CD, and NMR spectroscopy, and the biological activities were assessed by an in vitro SPR bioassay and three in vivo bioassays: binding to cells, blocking virus infection and blocking cell fusion. We showed that the L47A mutant, which is similar to the parental sA27L-aa in forming a hexamer, is biologically active. L51A and L54A mutants form tetramers and are less active. Notably, in the triple mutant, the self-assembly hydrophobic core structure is uncoiled; as a consequence, the tetrameric structure is biologically inactive. Thus, we conclude that the leucine residues, in particular Leu51 and Leu54, sustain the hydrophobic core structure that is essential for the biological function of vaccinia virus envelope protein A27L, binding to cell-surface heparan sulfate.